Abstract: A facile and eco-friendly method for the preparation of sugar orthoesters by using anhydrous sodium bicarbonate is described. Various sugar orthoesers, including sugar-sugar orthoesters, were synthesized in good-to-excellent yields by the reaction of a protected glycosyl bromide with an alcohol or sugar.
Introduction
Sugar 1,2-orthoesters are some of the most important intermediates in organic synthesis, 1,2 especially in the oligosaccharide synthesis. 3-7 Sugar 1,2-orthoesters are classic glycosyl donors and can be efficiently converted to the corresponding 1,2-trans-glycosides by the action of protonic or Lewis acids, such as TMSOTf, 8 BF 3 ÁEt 2 O, 9a and TfOH. 9b Sugar 1,2-orthoesters are also extremely practical for the selective protection of a pyranose ring while the other acetyl groups on the 3, 4, and 6 positions are converted to benzyl groups, and so forth. At present, there are several methods in the literature for the preparation of carbohydrate 1,2-orthoesters. 10, 11 The well-known method involves the treatment of peracetylated or perbenzoylated glycosyl bromides with alcohols in the presence of a quaternary ammonium salt 12 or silver triflate 5, 13 and an organic base, usually syncollidine or 2,6-lutidine. 14 It is necessary to utilize two kinds of reagents, quaternary ammonium salt and bulky amine compound, for the reaction to occur. 11a,15 Although the method has been extensively used, there is one large disadvantage: the use of a smelly, toxic, and eco-unfriendly organic base. Knowing the broad spectrum of the significant applications of sugar orthoesters, we have focused our interest on improving the synthesis of sugar orthoesters. Herein, a facile, less toxic, and efficient procedure for the synthesis of 1,2-orthoesters, including sugar-sugar orthoesters, by using anhydrous sodium bicarbonate instead of an organic base is reported. 15, 16 
Result and discussion
Our studies started with the reaction of peracetylated glucopyranosyl bromide with methanol in the presence of tetrabutylammonium bromide, anhydrous sodium bicarbonate, and a 4 Å molecular sieve in dry acetonitrile solvent (Scheme 1). The reaction was carried out at room temperature for 4 h, affording the glucopyranosyl methyl orthoester in an 86% yield (Table 1 , entry 1). To optimize the method, we used toluene, 1,2-dichlorethane, N,N-dimethylformamide (DMF), and tetrahydrofuran (THF), respectively, as the solvent, and afforded the target product 2 in various yields (Table 1 , entries 2-5).
To establish the feasibility of this reaction as a general method for the preparation of 1,2-orthoesters (Scheme 2), we carried out the synthesis of 3,4,6-tri-O-acetyl mannose, 3,4,6-tri-O-acetyl galactose, 3,4-di-O-acetyl rhamnose orthoesters, and 3,4,6-tri-O-benzoyl mannose orthoester in good to excellent yields, and the results are shown in Table 2 (entries 1-4). Since 6-O-tosyl and 6-O-mesyl of these orthoesters can be easily substituted by other groups, the library of sugar orthoesters is greatly expanded. However, the synthesis of 6-O-tosyl and 6-O-mesyl orthoesters has not been reported in the literature. Herein, with the suitable protocol in hand, 6-O-mesyl and 6-O-tosyl mannopyranosyl bromide were treated by using various alcohols such as methanol, isopropyl alcohol, and allyl alcohol, and the corresponding orthoesters ( (Table 2 , entries 7-10) and 6-O-tosyl orthoesters 20 and 21 (Table 2 , entries 12 and 13) were obtained in modest yields. The sugar-sugar orthoesters are extremely important intermediates for oligosaccharide synthesis. Comparing simple sugar orthoesters, the reaction pathways of sugar-sugar orthoesters are relatively simplified for oligosaccharide preparation; the consideration is mainly focused on intra-and inter-molecular rearrangement of the alkoxide. 8a Sugar-sugar orthoesters are usually synthesized by the reaction of a glycosyl bromide donor with a glycosyl acceptor with only one free hydroxyl group in dichloromethane in the presence of silver triflate and 2,4-lutidine. 8a Although this method is efficient, both silver triflate and 2,4-lutidine are toxic and expensive. We hoped that our newly developed method could be applied to the synthesis of sugar-sugar orthoesters. Hence, 3 and 22 were treated in the presence of tetrabutylammonium bromide and anhydrous sodium bicarbonate, the reaction was completed at room temperature for 12 h, and readily afforded the sugar-sugar orthoester 24 in an excellent yield (90%). Encouraged by the success in synthesizing 24, we subsequently prepared sugar-sugar orthoesters 25-28 in good yields (Table 2, entries 15-18) .
In summary, we developed a facile and effective protocol for the synthesis of various sugar 1,2-orthoesters and sugarsugar orthoesters by using anhydrous sodium bicarbonate as an inexpensive and environmentally friendly base. The approach, in terms of low toxicity of reagents, simplicity, economy, and efficiency, will be a general, useful, and attractive strategy for the synthesis of sugar 1,2-orthoesters.
Experimental
Reactions were monitored by thin layer chromatography (TLC) using silica gel HSGF254 plates. Flash chromatography was performed using silica gel HG/T2354-92. 1 H and 13 C NMR (600 and 150 MHz, respectively) spectra General procedure for the synthesis of 1,2-orthoesters 2, 9-21 The acetobromo glycoside (1 mmol) was dissolved in dry acetonitrile (4 mL), then alcohol (10 mmol), tetrabutylammonium bromide (0.7 mmol), anhydrous sodium bicarbonate (2 mmol), and molecular sieves 4 Å ; (400 mg) were added. The reaction mixture was vigorously stirred for 3-7 h at room temperature. TLC indicated when the reaction was complete. The solvent was evaporated to dryness and the residue was purified by silica gel column chromatrography.
General procedure for the synthesis of sugar-sugar orthoesters 24-28
The glycosyl acceptor (1 mmol) and acetobromo glycoside (2 mmol) were dissolved in dry acetonitrile (10 mL), then tetrabutylammonium bromide (1 mmol), anhydrous sodium bicarbonate (4 mmol), and molecular sieves 4 Å ; (600 mg) were added. The reaction mixture was vigorously stirred at room temperature for 12-15 h. TLC indicated when the reaction was complete. The solvent was evaporated to dryness and the residue was purified by silica gel column chromatrography.
Characterization data

Compound 2
Yield: 86%. Syrup. ½a 
Compound 9
Yield: 84%. White needle, mp 107-108 8C. ½a 2), 4.14 (dd, 1H, J = 1.9, 11.7), 3.68 (m, 1H), 3.28 (s, 3H), 2.12 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 1.74 (s, 3H).
Compound 10
Yield: 80%. Syrup. ½a 
Compound 11
Yield: 66%. ½a 26 (m, 3H) , 5.88 (dd, 1H, J = 9.5, 9.6), 5.80 (d, 1H, J = 2.9), 5.66 (dd, 1H, J = 4.1, 10.0), 5.08 (dd, 1H, J = 3.3, 3.7), 4.51 (dd, 1H, J = 3.1, 11.9), 4.35 (dd, 1H, J = 4.7, 12.1), 4.14-4.09 (m, 1H), 3.23 (s, 3H).
Compound 13
Yield: 88%. White solid, mp 128-129 8C. ½a , J = 9.5, 9.7), 5.17 (dd, 1H, J = 3.9, 9.9), 4.61 (dd, 1H, J = 3.1, 3.5), 4.33 (dd, 1H, J = 5.5, 11.1), 4.28 (dd, 1H, J = 2.7, 11.0), 3.78 (m, 1H), 3.59-3.50 (m, 2H), 3.05 (s, 3H), 2.12 (s, 3H), 2.08 (s, 3H), 1.73 (s, 3H), 1.18 (t, 3H, J = 7.0). 13 
Compound 15
Yield: 77%. White solid, mp 127-129 8C. ½a 169.6, 133.9, 124.1, 116.8, 97.6, 76.0, 71.7, 70.1, 67.3, 65.5, 64.0, 37.7, 24.4, 20.7, 20.6 . HR-MS (ESI) anal. calcd. for C 16 H 24 NaO 11 S [M + Na]: 447.0932; found: 447.0925.
Compound 16
Yield: 70%. White solid, mp 130-132 8C. ½a , 1H) , 3.05 (s, 3H), 2.38 (t, 1H, J = 1.9), 2.12 (s, 3H), 2.08 (s, 3H), 1.77 (s, 3H). 13 C NMR (CDCl 3 ) d: 170.2, 169.6, 123.9, 97.6, 79.4, 76.0, 73.7, 71.8, 69.9, 67.2, 65.4, 51.1, 37.7, 24.0, 20.7 97.4, 75.5, 71.7, 70.1, 67.4, 66.6, 65.6, 37.7, 24.4, 23.7, 20.7 169.6, 137.4, 128.6, 128.4, 127.7, 127.5, 127.0, 124.2, 97.6, 76.0, 71.7, 70.0, 67.3, 65.5, 65.0, 37.7, 24.4, 20.7 ; HR-MS (ESI) anal. calcd for C 20 H 26 NaO 11 S [M + Na]: 497.1088; found: 497.1079.
Compound 19
Yield: 80%. Syrup. ½a 132.5, 129.8, 128.1, 124.3, 97.4, 76.3, 71.3, 70.2, 67.9, 65.9, 50.0, 24.0, 21.6, 20.7, 20.6 ; HR-MS (ESI) anal. calcd for C 20 H 26 NaO 11 S [M + Na]: 497.1088; found: 497.1081.
Compound 20
Yield: 78%. Syrup. ½a 170.3, 169.5, 145.0, 132.5, 129.8, 128.1, 124.0, 97.4, 76.1, 71.3, 70.2, 68.0, 65.9, 58.2, 24.3, 21.6, 20.7, 20.6, anal. calcd for C 21 H 28 NaO 11 S [M + Na]: 511.1245; found: 511.1268.
Compound 21
Yield: 71%. Syrup. ½a 2, 169.5, 145.1, 132.5, 130.0, 129.8, 128.1, 123.9, 97.5, 79.4, 76.0, 73.7, 71.6, 69.9, 68.0, 65.7, 51.0, 24.0, 21.6, 20.7, 20.6, 14.2; anal. calcd for C 22 H 26 NaO 11 S [M + Na]: 521.1088; found: 521.1065.
Compound 24
Yield: 90%. White solid, mp 121-123 8C. ½a 
Compound 25
Yield: 76%. Syrup. ½a 169.6, 169.5, 123.8, 108.7, 108.1, 97.3, 96.3, 77.3, 71.0, 70.7, 70.5, 66.9, 61.4, 25.5, 24.8, 24.3, 23.8, 19.8, 16.9 . HR-MS (ESI) anal. calcd. for C 24 H 36 NaO 13 [M + Na]: 555.2048; found: 555.2037.
Compound 26
Yield: 78%. Syrup. ½a 
Compound 27
Compound 28
Yield: 80%. Syrup. ½a 170.6, 170.3, 169.4, 138.6, 138.5, 138.3, 128.5, 128.4, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 124.2, 104.6, 97.4, 84.6, 82.3, 77.7, 76.4, 75.6, 74.9, 74.7, 73.8, 71.5, 70.3, 65.7, 62.5, 61.8, 57.0, 24.4, 20.7, 20.6 
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